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KIDNEY PARENCHYMAL OXYGEN TENSION DETERMINED BY RENAL LYMPH
' CANNULATTION

Recent enthusiasm for ronal lymph studles hag been

1,2,3

generated by a number of investigators. We have previously

observed a higher level of antibacterials in hilar lymph than inA'

capsular 1ymph.“’5

We have also reported increased renin-angio-
iensin levels in renal hiler l?mph than in capsular lymph or
renal vein plasma. Because of the peculiarities in blood flow
within the kidney, our group felt that measurement of oxygen
tension was indicated,

Direct methods for measuring kldney oxygen tension are
subject to criticism. If a puncbure technique with insertion of
an oxygen microelesctrode is emplofeﬁ, the data obtained will
vary. liinimal hemorrhagic extravasation in the tissues from an
adjacent venule or arteriole will affect the results. Similar
criticisn can be directed st rnnort36’7'in vhich pelvie urine
has been employed, for reducing substancos puch &s as arblc acid
¢an affect the final readinz. | -

Since lymrh drains the intsrstitiwa it scensd reason-
able to assume that renal lymph could serve as a more dirasct
mezns of assessing tissue oxygen tenmsion. Rengl capsular lymph
is comprised mainly of cortical tissue fluild; hilsr lymph prob-

“ably drains the medulla and the adaacent cortex,
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METHODOLOGY

Healthy mongrel dogs weighing 15«28 kilograms were
anesthetized by 1ntravenous pentobarbltal.' Ain endotracheal tube
was 1nserted and the dov was placed on ‘air under positive pressure.
Intravenous fluid, 1000 ml Rlnger 8 solubion, was infused over B
a four-hour period. One kidney was exposed through the flank
and a renal eapsular or hilar lymphatic vessel was cannulated.
Details of oué‘sﬁfgical'teehnique'havé boen published carlier,
Cénnulae (P“>50) of pblyethyléﬁe were proviously coated externally
with an acetate covering. The distal end was then inserted into
a SPGClal rubber stoppered vacuum tube filled with argon gas, |
Renal art&ry and renal vein blood.oamylas viere outalned by direct
tap for measurement of oxygen tension. |

Cisterna chyli lyrmph (4~8 ml) was obtained by diract
aspiration in an additional 15 dogs. Oxygen tensions (POZ) cf
cisterna chyli lymph, renal artery znd renal vein blood wore
sinmilarly d@termined.‘ Aliguots of cisternag chyli lymph‘wﬁre
additicnally ingected into vacuuz tubes containing argon to test
the effectiveness of the gas trap aftsr 30 minutes and one hour.

Thoracic duct lymph was collected in eight separate
animals by direct aspifation. |

An astrup nmeter apparatus with an bx*ven nieroelectrode

was employed for the P02 rMeasurenents.
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RESULTS
TABLE I CISTERNA CHYLI LYMPH OXYGEN TENSION
Rumber Cisterna Chyli - Arterial PO, - Renal Vein
of P02 , , - POy
Dogs : . .
mm of Hg mm of Hg mz of Hg
15 59+9 W08+6 6L+ 8

‘Cisterna chyli lymph oiygen tension was 59 *+ 9 (S.D.)‘

ra of Hge Arterial and renal venous PO, are listed in Table I.

The aliquots of cisterna chyll lymph kept in argon for 30 minutes

~ and one howr respectively, did not change wmore than 1 mm of Hg.

TABLE IIX

RENAL CAPSULAR LYMPH OXYCEZN TEUSION

Hunbey Capsular Lymph Arterial PO, Renal Vein
Dogs . 2
rmm of Hg mn of Hg _ s of Eg
7 78 + 6 : . 104 5 | 60 + 8

- Renal capsular lymph oxygen tension was 78 % 6 mn of

' Hg. Arterial and renal vein oxygen tension are listed.
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TABLE IIX RENAL HILAR LYMPH QXYCEN TENSION

Numher Hilar Lym=ph Arterial #0q Renal Vein
of . sz ' ' P02
Dogs o - - |
ma of Hg mm of Heg : om of Hg

AP vé_lue of less than 0.01 was obtained when come

paring renal hilar and renal capsular lymph oxygen tensions..

TABLE IV. - THORACIC DUCT LY:PH OXYGEN TENSION

Kunber Thoracic Duct - Artorial PO, Renal Voin
of | POz POy
Docs , -

m of Hg wn of Hp o me of Kg
¢ kb x 8 W01 k9 59 + 10

Differances betwsen thoracic duct lymph cxygen‘tsa»
sion end cisterna chyld lymph sre significant {P = less than O1).

Two exparimehta comparing lyoph obtained from seve
eral regienal lymphatic systens are illusirated in Fieures 1 and 2.

Oxygen tension is plotted in the ordinste. The pasd reloticnshins
~ . ad aed LA Ser "‘1’-“'.;"

are seen in each cxperirent., Capsular lysph oxygen tension is

higher ¢han hilasr lymph oX cisterna chyli lyeph {fig. 1).
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DISCUSSIOI\!

Renal cansular lymph haa a sl gnificantly hfgh by oxygeﬁ

;,tension than hilar lymph (P = 1ess than .0l), . Our findings

8
support the present concept af plasma skimming with separation

;cf intrarenal blood flow. The renal cortex receives “vlarger_
cellular fraction of blood, whareas the msdulla is probably
" supplied by a small segment (1/20 or. less) of the. renal blood

. £loy. dhen lyﬁph samples contained microscopic blood thay were .-

not included in the study. Qxygen tension of these few samples :

_.apprcached the arterial levels.,

The cells of kidney tissve are denendent on an oxygen

gradient involving partial pressures of dlssolved gaues diffus-

ing between plésma and the interstitial conpartment.,. Intra-

cellular oxidative metabolism (enzymé'kinetics) is a second

important consideration when one considers diffusion of axygen
into lymph. Studies to determine oxidative engymes aifecting
tissue rospiration are indicated. 1 |
The cisterna chyli systen represeﬁts a hub (fig. 3)
which receives lymph from the kidney, portions of intestine
retroperitoneal tissues, bony pelvis and lower extremivies.
Cisterna chyli lyzph oxygen tensicn was not significantly
lower than renal hilar lymph.
Thoracic duct lymph oxygen tension was significantly
lower than the cisterna chyli fluid (P = less than .01).
These oxygeﬁ tensions are also in agreement with thoracic duct

measurements made by Witte et al.9



‘Lymph may be used to more directly assess tissue resp-
iration. Underway in our laboratory sre similar studieé involy~
ing carbon diokide tension measurementa., These studieavmay also
demonstrata a high level of metabolic activity in the renal |
cortex. It would appéar’that oxidatlve systems'previously_shown
%o be operativé at the proximal tubular level, can ba édequately
éxplainad~by high tissue oxygen levels. In addition,.ithe meas-
urenents of lowered oxygen tension in the medulla, when compared
to the cortex, may account for it's increased susceﬁtibility to

pyelonephritic changes.



Pigure 1.

- Plgure 2.

?1‘3“& 3.

LEGERD

Bar graph plotting lymph oxygen tension from three
compartwents - renal capsular, renal hilar and
cisterra chyll lymph. ' |

Baﬁ graph plotting cisterna chyli and thoracic

duct oxygen tension. Pelvic urine oxygen tension

is léwax.

: s
Cisterna chyli (zee arrow) adjacent to inferior

vena cava,
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